Empathic neural responses to others' suffering are subject to both social and biological inf luences. The present study tested the hypothesis that empathic neural responses to others' pain are more f lexible in an intergroup context in G/G than A/A carriers of the oxytocin receptor gene (OXTR) (rs53576). We recorded event-related brain potentials to painful vs neutral expressions of Asian and Caucasian faces that were assigned to a fellow team or an opponent team in Chinese carriers of G/G or A/A allele of OXTR. We found that G/G carriers showed greater neural responses at 136-176 ms (P2) over the frontal/central region to painful vs neutral expressions of faces with shared either racial or mini group identity. In contrast, A/A carriers showed significant empathic neural responses in the P2 time window only to the faces with both shared racial and mini group identity. Moreover, the racial in-group bias in empathic neural responses varied across individuals' empathy traits and ethnic identity for G/G but not A/A carriers. Our findings provide electrophysiological evidence for greater f lexibility of empathic neural responses in intergroup contexts in G/G (vs A/A) carriers of OXTR and suggest interactions between OXTR and intergroup relationships on empathy for others' suffering.
Introduction
Group living is a human universal that is characterized by a preference of one's in-group members in both behavior and psychological needs (Brown, 1991; Kurzban and Neuberg, 2005) . Recent brain imaging research has documented substantial influences of intergroup relationships on brain activity related to social cognition and social behavior (Cikara and Van Bavel, 2014) . Specifically related to the current work is the finding of an ingroup bias in brain activities in response to others' suffering or empathic neural responses (Eres and Molenberghs, 2013; Han, 2018) that play a key role in pro-social behavior (Decety and Jackson, 2004; Decety et al., 2016) . Because individuals live in multiple social groups (Tajfel, 1982) , researchers have examined extensively whether and how intergroup relationships defined in one way or another modulate empathic neural responses to others' pain.
One line of research tested how interracial relationships modulate empathic neural responses. An early functional magnetic resonance imaging (fMRI) study found that, while watching painful vs non-painful stimulations applied to others activated the anterior cingulate cortex (ACC) and supplementary motor area (SMA), the ACC/SMA activation was decreased in response to painful stimulations applied to other-race than same-race models in both Chinese and white students . fMRI studies also revealed decreased anterior insular activity in responses to painful (vs neutral) expressions of other-race than same-race faces (Sheng et al., 2014) . The racial in-group bias in empathy (RIBE) is also evident in electrophysiological responses. Event-related brain potential (ERP) studies have repeatedly shown that, while painful (vs neutral) expressions increased the amplitude of a positive component peaking ∼160 ms after stimulus onset over the frontal/central regions (P2), the P2 amplitude to painful (vs neutral) expressions, which predicted subjective feelings of others' pain (Sheng and Han, 2012) , was significantly larger when perceiving same-race than other-race faces (Sheng and Han, 2012; Sheng et al., 2013 Sheng et al., , 2016 Li et al., 2015; Han et al., 2016) . RIBE indexed by brain activity has been replicated using fMRI, ERP and motor evoked potential measures by different research groups that tested Asian, white and black participants in Asia Sheng and Han, 2012; Sheng et al., 2013 Sheng et al., , 2016 Li et al., 2015; Han et al., 2016) , Europe (Avenanti et al., 2010; Azevedo et al., 2013; Sessa et al., 2014) , North America (Mathur et al., 2010; Cheon et al., 2011) , Australia (Contreras-Huerta et al., 2013) and South Africa (Fourie et al., 2017) . These findings indicate pervasive effects of interracial relationships on neural activities underlying empathy for pain (see Han, 2015 Han, , 2018 .
Another line of research on the in-group bias in empathy has employed minimal group manipulation to investigate the effect of intergroup relationships on empathic neural responses (see Cikara et al., 2011a and Molenberghs, 2013 , for review). For example, an fMRI study discovered that the left anterior insula showed stronger activation when soccer fans witnessed a fan of their favorite team (vs a rival team) experiencing pain (Hein et al., 2010) . In addition, the in-group vs out-group difference in anterior insular responses predicted the extent of participants' in-group favoritism in subsequent costly helping. Another fMRI study found that witnessing failure of the favored team or success of the rival team was associated with activations in the ACC and insula whereas watching success of the favored team or failure of the rival team was associated with activations in the key node of the reward system (e.g. the ventral striatum) (Cikara et al., 2011b) . These brain imaging findings provide evidence that empathic neural responses related to pro-social behavior are sensitive to intergroup relationships based on racial identity and mini group (e.g. soccer team) identity and are stronger toward in-group than out-group members' pain. The results raise a critical issue of whether mini group relationships can overcome interracial relationships in modulating empathic neural responses. To clarify this question is important for understanding the in-group bias in empathy and social behavior from two perspectives. Theoretically, to elucidate whether and how different social group memberships interact to modulate empathic neural responses is critical for understanding the dynamic affective and neural processes that underlie adaptive social behavior in societies consisting of multiple social groups (Tajfel, 1982) . Practically, if mini group relationships that are built temporarily can override interracial relationships in modulating empathic neural responses, RIBE may be reduced by mini group manipulation as a potential intervention for the racial bias in pro-social behavior.
Recent neuroimaging studies have examined the interaction of racial identity and mini group identity on empathic neural responses but reported inconsistent results. An early ERP study employed the minimal group paradigm to examine empathic neural responses in a mixed group relationship context where participants were assigned to a team consisting of both same-race and other-race individuals to compete with another team that also consisted of same-race and other-race individuals (Sheng and Han, 2012) . Under this condition, each individual had a group identity identified by interracial or intermini group relationships. It was found that the P2 amplitude to painful (vs neutral) expressions was greater to same-race than other-race faces from the opponent team but were comparable to same-race and other-race faces from the fellow team. These findings suggest that the in-group membership defined by mini group relationship may override the interracial relationship to reduce RIBE. A recent fMRI study further reported greater insular activations to perceived pain of in-group vs out-group members consisting of both same-race and other-race individuals (Shen et al., 2018) . However, another fMRI work that manipulated both interracial and mini group relationships found significant racial in-group bias in ACC and insular activity in response to others' pain but failed to observe reliable minimal group effects on empathic neural responses (Contreras-Huerta et al., 2014) .
Among the multiple (including cognitive, sociocultural and biological) factors that contribute to RIBE, oxytocin has been suggested to be a critical biological underpinning (Sheng et al., 2013; Han, 2018 ). An ERP study found that intranasal administration of oxytocin significantly increased P2 amplitudes to painful (vs neutral) expressions of same-race faces but did not increase that of other-race faces (Sheng et al., 2013) . These ERP results are consistent with behavioral findings that oxytocin induced greater trust and more cooperation toward in-group rather than reduced those toward out-group in competitive situations (De Dreu et al., 2010; Van IJzendoorn and Bakermans-Kranenburg, 2012) . Behavioral studies also discovered that individuals who carry G alleles of a single nucleotide polymorphism (rs53576) in the oxytocin receptor gene (OXTR) tended to exhibit greater empathic parenting, empathic accuracy and empathic concern relative to those who carry A alleles of OXTR (rs53576) (Bakermans-Kranenburg and van IJzendoorn, 2008; Rodrigues et al., 2009; Tost et al., 2010; Kogan et al., 2011; Krueger et al., 2012; Smith et al., 2014) . Recent fMRI findings further revealed associations between RIBE and OXTR (rs53576) such that carriers of G compared to A alleles of OXTR rs53576 showed a greater racial ingroup bias in empathic response in the ACC (Luo et al., 2015a) . In addition, both behavioral and fMRI findings suggest a stronger association between cultural orientations (e.g. interdependence) and empathy trait/empathic neural responses in G allele carriers compared to A/A homozygotes of OXTR rs53576 (Luo et al., 2015b) .
While these results suggest that G compared to A allele carriers of OXTR rs53576 are more sensitive to social relationships and cultural experiences in their empathic responses to others' pain, two hypotheses arise from the previous findings regarding the potential interactions between OXTR and intergroup relationships on empathy. First, if empathy in G (vs A) allele carriers is more flexible in response to social relationships, in the context of mixed intergroup relationships, G carriers may show empathic responses to perceived pain of in-group members defined by any intergroup relationships. Applying this hypothesis to the interactions of interracial and mini group relationships on empathy, we predicted that G carriers should show increased neural responses to perceived painful (vs neutral) expressions of in-group members defined by either one or both of the two intergroup relationships (i.e. individuals of same-race or individuals from the fellow team). In other words, G carriers show no empathic neural responses only to those who are perceived as out-group members in terms of both interracial and mini group relationships. Second, if empathy in A (vs G) allele carriers is less flexible in response to social relationships, in the context of mixed intergroup relationships, these individuals may show empathic neural responses to perceived painful (vs neutral) expressions of those who are in-group members in terms of both interracial and mini group relationships.
To test these hypotheses, we recorded ERPs from Chinese adults homozygous for A (A/A) or G (G/G) allele of OXTR rs53576 while they viewed painful or neutral expressions of Asian and Caucasian faces. Using the minimal group paradigm half of these faces were assigned to the fellow team and half to the opponent team. Critically, both the fellow and opponent teams consisted of half Asian and half Caucasian faces. This design allowed us to investigate how interracial and inter-mini group relationships interact to modulate empathic neural responses in a specific time window by examining ERPs to painful (vs neutral) expressions of same-race and other-race faces from the fellow and opponent teams. We focused on the P2 amplitude that has been shown to be enlarged by painful (vs neutral) expressions and can predict subjective feelings of others' pain (e.g. Sheng and Han, 2012) . As expected, we found evidence for specific patterns of modulation of the P2 amplitude in response to others' pain by interactions of OXTR and intergroup relationships.
Methods

Participants
The current study recruited 50 Chinese female university students including 25 G/G carriers and 25 A/A carriers from a genotyped sample of 1532 subjects from our previous study (Luo et al., 2015b) . The sample size for the current work was determined based on our previous research that showed robust evidence for a racial in-group bias in ERP amplitudes in response to painful expressions (Sheng and Han, 2012) and was selected to allow us to detect a medium effect size for a within-between interaction with 90% power (f = 0.25, with alpha = 0.05 and power = 0.90, calculated using the G * Power software, Faul et al., 2007) . All participants were right handed, had normal or corrected-to-normal vision and reported no abnormal neurological history. Age and trait empathy scores were matched between the two genotyped groups (Ps > 0.05, Table 1 ). Informed consent was obtained from all participants before electroencephalograph (EEG) recording. This study was approved by a local ethics committee at the School of Psychological and Cognitive Sciences of Peking University.
Stimuli and procedure
Stimuli were adopted from our previous work (Sheng and Han, 2012) , consisting of digital photographs of faces with neutral or pain expressions of 16 Asian models (8 males) and 16 Caucasian models (8 males). Each model contributed two face images, one with a neural expression and one with a painful expression. Pain intensity, luminance levels and attractiveness were matched between Asian and Caucasian faces (Sheng and Han, 2012) . Before EEG recording, the participants were informed that they had been randomly assigned to the blue or green team for a competitive game and that they had to remember all of the faces of fellow team and opponent team members. Eight Asian and eight Caucasian faces (half males and half females) were assigned to the fellow team, and other faces were assigned to the opponent team. The participants completed three learning tasks to remember the fellow team and opponent team members marked by their T-shirt colors (Sheng and Han, 2012) before EEG recordings. The intensity of painful expressions was matched between fellow and opponent team faces. To ensure that the participants believed in the existence of the game, a female confederate was present and assigned to the opponent team. Both the participant and the confederate were asked to wear a blue or green T-shirt. In the first learning task, the participants were presented with neutral faces of all the models in colored Tshirts simultaneously and were asked to learn and remember the fellow team and opponent team members. To avoid the possibility that participants adopted a strategy of remembering only fellow team members, the participants were told that a third team would appear in a subsequent procedure, so it was very important that they had to remember the members of both teams. The first learning task lasted for ∼5 min.
In the second learning task, faces of fellow team and opponent team members were presented on the left and right (or the reverse) sides of the screen, respectively. The participants were asked to search for a target face in a face array consisting of the fellow team and opponent team members by moving a frame around one of the faces. Each participant completed 4 blocks of 32 trials. In Blocks 1 and 2, the target face and the faces in the search array were matched in expression (neutral or painful). In Blocks 3 and 4, the target face and faces in the search array were different in expression (e.g. searching for a target with a painful expression in an array of faces with neutral expressions or the reverse).
In the third learning task, each face without a colorful T-shirt was presented on a screen until the participant pressed a button to categorize the face as a fellow team or opponent team member. Each participant completed two blocks of categorization tasks. Each face appeared once in each block, and feedback was given after each trial. Each participant was given a memory test before and after the EEG session. The procedure of the memory test was identical to the third learning task except that the participants performed only one block of trials without feedback.
During EEG recordings, the participants were presented with faces of Asian and Caucasian models in blue or green T-shirts (representing fellow or opponent teams) and performed race judgments (Asian vs Caucasian) in 8 blocks of 128 trials. Each block started with an instruction to define the task. Each face was displayed for 200 ms in the center of a gray background with a visual angle of 3.8 degrees × 4.7 degrees (width × height: 7.94 × 9.92 cm) at a viewing distance of 120 cm. The interstimulus intervals consisted of a fixation cross with a duration that randomly varied between 800 and 1400 ms. The participants responded to each stimulus by pressing the left or right button using the left or right index finger.
After EEG recording, the participants rated the intensity of pain portrayed by each face and their subjective feelings of unpleasantness induced by each face on a 9-point Likert scale (1 = not at all, 9 = extremely unpleasant). The participants were also asked to complete a race version of the implicit association test (IAT, Greenwald et al., 1998) to estimate their implicit attitudes toward Asian and Caucasian faces. They categorized Asian faces/positive words with one key and Caucasian faces/negative words with another key in two blocks and Asian faces/negative words with one key and Caucasian faces/positive words with another key in another two blocks. A D score, calculated based on an established algorithm for response latencies (Greenwald et al., 2003) , provided an index of participants' implicit attitudes toward racial in-group and out-group faces. A D score larger than zero indicates that in-group faces are associated with a positive rather than a negative attitude compared with outgroup faces. The participant also completed the Interpersonal Reactivity Index (IRI, Davis, 1983 ) and the Multigroup Ethnic Identity Measure (Phinney, 1992) to measure their empathy traits and self-recognized ethnic identity.
EEG recording and analysis
The EEG was continuously recorded using the NeuroScan system from 62 scalp electrodes that were mounted on an elastic cap in accordance with the extended 10-20 system and were referenced to the average of the left and right mastoid electrodes. The electrode impedance was maintained <5 kΩ. Eye blinks and vertical eye movements were monitored with electrodes located above and below the left eye. The horizontal electrooculogram was recorded from electrodes placed 1.5 cm lateral to the left and right external canthi. The EEG was amplified (bandpass 0.1-100 Hz) and digitized at a sampling rate of 250 Hz. EEG data analysis was conducted using Scan 4.5 software. The ERPs in each condition were averaged separately off-line with an epoch beginning 200 ms before stimulus onset and continuing for 1200 ms. Trials contaminated by eye blinks, eye movements, muscle potentials exceeding ±50 μV at any electrode or response errors were excluded from the average. This resulted in rejection of 21.3% ± 9.9% of the trials. The baseline for the measurements of ERP amplitudes was the mean voltage of a 200 ms pre-stimulus interval, and the time windows for the measures referred to stimulus onset. To avoid potential significant but bogus effects on ERP amplitudes due to multiple comparisons (Luck and Gaspelin, 2017) , the mean amplitudes of ERP components were calculated at electrodes according to the peak distribution of each component in voltage topographies. These included Fz, FCz, F3-F4 and FC3-FC4 for the P2 and N2 components; FCz, Cz, CPz, FC1-FC2, C1-C2 and CP1-CP2 for the P3 component. When selecting the time window for measuring the mean amplitude of an ERP component, we checked the peak latency of the grand average across G/G and A/A groups and the peak latencies for G/G and A/A groups separately. If the peak latency of the grand average across the two groups was the same as that of the G/G and A/A groups (e.g. for the P2 and N2 components), we used the same time window to calculate the mean amplitude. Otherwise, we calculated the mean amplitude around the peak latency of an ERP component separately for each group (e.g. for the P3 component). Reaction times (RTs), response accuracies and mean ERP amplitudes were subject to repeated measure analyses of variance (ANOVAs) with mini group (fellow vs opponent team), expression (painful vs neutral) and race [Same-race (Asian) vs Other-race (Caucasian)] as within-subjects variables and genotype (G/G vs A/A) as a between-subjects variable.
Both voltage topography and the standardized low resolution brain electromagnetic tomography (sLORETA) (Pascual-Marqui, 2002) were used to estimate potential sources of empathic neural responses. sLORETA is a linear method of computing statistical maps from EEG data that estimates the locations of the underlying source processes and does not require a priori hypotheses regarding the field distribution of the active sources. We performed the analysis using sLORETA to assess the potential 3D current sources of neural activity that differentiated between ERPs to painful and neutral expressions. A boundary element model was first created with approximately 5000 nodes from a realistic head model. Statistical non-parametric mapping was calculated in a specific time window to estimate the source that differentiated ERPs to painful and neutral expressions. The log of the F ratio of averages was used and considered with a 0.95 level of significance.
Results
Behavioral results
The results of the memory tests of fellow and opponent team members before and after EEG recordings were significantly higher than the chance level (50%) (before EEG recording: G/G: 81.2 ± 12.9%; A/A: 82.7 ± 12.4%; after EEG recording: G/G: 78.6 ± 12.4%; A/A: 80.7 ± 12.4%; Ps < 0.001). IAT D scores did not differ significantly from zero for either G/G or A/A genotype group [0.04 ± 0.23 and 0.03 ± 0.17; t(25) = 0.98 and 1.00; Ps > 0.3], suggesting that neither G/G or A/A carriers had implicit negative attitude toward other-race faces. Self-reported scores of ethnic identity did not differ significantly between the two genotype groups [t(48) = 0.55, P = 0.584].
The ANOVA of RTs during EEG recording showed a significant main effect of expression [F(1,48) = 13.47, P = 0.001, η p 2 = 0.22, there was no significant interaction between mini group (or genotype) and other variables (Ps > 0.05), indicating comparable task difficulties for G/G and A/A carriers. Participants reported greater pain intensity and self-unpleasantness related to painful vs neutral expressions, and rating scores of pain intensity were slightly higher for Caucasian than Asian faces, but these effects did not differ significant between G/G and A/A groups (Table 3) . Figure 1 illustrates the ERPs to painful and neutral expressions of Asian and Caucasian faces. Similar to the results of the previous work (Sheng and Han, 2012) , the ERPs were characterized by a negative wave at 92-120 ms (N1) and a positive deflection at 136-176 ms (P2) over the frontal/central areas, which were followed by a negative wave at 200-340 ms (N2) over the frontal/central region. The peak latencies of these ERP components were similar for G/G and A/A groups. There was a long-latency positivity (P3) with the maximum amplitude over the central/parietal area, which, however, peaked at 460-504 ms for A/A but at 480-564 ms for G/G. Similar numbers of trials with correct responses were included for analyses of ERP amplitudes in G/G and A/A genotype groups (G/G: 100.5 ± 12.5 vs A/A: 101.4 ± 13.9, P > 0.5). The ANOVA of the mean P2 amplitude at 136-176 ms over the frontal/central electrodes showed significant main effects of race [F(1,48) = 174.98, P < 0.001, η p 2 = 0.79] and expression [F(1,48) = 33.20, P < 0.001, η p 2 = 0.41, Table 4 ], indicating that the P2 amplitude was enlarged by Caucasian than Asian faces and by painful than neutral expressions. These results replicate the previous ERP findings (e.g. Ito and Bartholow, 2009; Sheng and Han, 2012) and suggest that the frontal/central P2 was involved in the coding of both racial identity and emotional states (i.e. pain). There was also a significant interaction of expression-race on the P2 amplitude [F(1,48) = 11.14, P = 0.002, η p 2 = 0.19], indicating stronger effects of painful expression on the P2 amplitude in response to Asian than Caucasian faces.
Electrophysiological results
These results replicate the previous ERP results that indicate stronger empathic neural responses to same-race than otherrace individuals (Sheng and Han, 2012; Sheng et al., 2013 Sheng et al., , 2016 Li et al., 2015; Han et al., 2016) . Most interestingly, the ANOVA of the P2 amplitude at 136-176 ms showed a significant four-way interaction of genotyperace-expression-mini group [F(1,48 These results suggest that G/G carriers showed empathic neural responses in the P2 time window to faces who shared in-group membership with the observers, as defined by either one of the two intergroup (racial or mini-group) relationships. These results indicate that A/A carriers showed empathic neural responses in the P2 time window only to faces who shared in-group membership with the observers in terms of both intergroup (racial and mini group) relationships.
To examine the scalp distribution of racial in-group bias in empathic neural responses in the P2 time window, we calculated the voltage topographies of the difference wave [(painful vs neutral expressions) Asian faces minus (painful vs neutral expressions) Caucasian faces ]. As shown in Figure 3A , racial in-group bias in empathic neural responses was prominent for fellow team faces over the central/frontal region in A/A carriers but for opponent team faces over the middle and left frontal regions in G/G carriers. Consistent with the scalp distribution, source estimation using sLORETA suggested that, for faces of the fellow team, increased empathic neural responses in the P2 time window to Asian vs Caucasian faces had potential sources in the ACC (peak Montreal Neurological Institute (MNI) coordinates: 5, 40 and 20; Figure 3B ), similar to the previous results (Sheng and Han, 2012) . By contrast, for faces of the opponent team, enhanced empathic neural responses in the P2 time window to The N2 amplitude was larger (more negative) to Asian than Caucasian faces and was positively shifted in response to painful vs neutral expressions (Figure 1 ). These results replicate the previous ERP results (Sheng and Han, 2012; Sessa et al., 2013; Sheng et al., 2013) . However, neither the interaction of raceexpression [F(1,48) = 1.17, P = 0.284, η p 2 = 0.02] nor the interaction of genotype-race-expression-mini group [F(1,48) = 2.06, P = 0.157, η p 2 = 0.04] was significant, suggesting that neural responses related to race and empathy in the N2 time window were not modulated by OXTR genotype and intergroup relationship. Given that the peak latency of the P3 component was different between G/G and A/A groups, we calculated the mean P3 amplitude at 400-600 ms for A/A group and 440-640 ms for G/G group. The ANOVA of the P3 amplitude showed neither a significant main effect of expression [F(1,48 
Empathy trait, ethnic identity and racial in-group bias in empathic neural responses
Next we tested whether racial in-group bias in empathic neural responses in the P2 time window varies across individuals' empathy traits. Behavioral studies have suggested that the empathic concern and perspective taking subscales of IRI correspond more directly to the conceptual definitions of empathy and the empathic concern subscale tends to reflect the affective component of empathy whereas the perspective taking subscale tends to reflect the cognitive component of empathy (Bohart et al., 2002; Ridley and Lingle, 1996) . Moreover, our previous studies revealed that the P2 amplitude to pain (vs neutral) expression was positively associated with the empathic concern score (Sheng and Han, 2012; Sheng et al., 2013) . Thus, we calculated correlations between empathic concern scores and racial in-group bias in differential P2 amplitudes to painful vs neutral expressions of fellow and opponent team faces, respectively. These analyses revealed significant correlations between empathic concern scores and racial in-group bias in empathic neural responses in the P2 time window to fellow team faces [r(50) = −0.36, P = 0.011] but not to opponent team faces [r(50) = −0.07, P = 0.629]. The results suggested that participants with higher empathic concern scores showed decreased racial in-group bias in empathic neural responses to fellow team faces in the P2 time window. Interestingly, separate analyses showed that the association between empathic concern scores and racial in-group bias in empathic neural responses to fellow team faces in the P2 time window was significant for G/G carriers [r(25) = −0.62, P = 0.001] but not for A/A carriers [r(25) = −0.09, P = 0.663, Figure 4A ]. This difference in association patterns between G/G and A/A carriers was further confirmed by transforming r values to z scores [Fisher r to z: z = 2.11, P = 0.035). Separate analyses further revealed that higher empathic Finally, we examined whether racial in-group bias in empathic neural responses varies across individuals' selfreported ethnic identity. We calculated the correlations between ethnic identity scores and racial in-group bias in empathic neural responses in the P2 time window for fellow team and opponent team faces, respectively. These analyses revealed significant correlations between ethnic identity scores and racial in-group bias in neural responses in the P2 time window to opponent team faces [r(50) = 0.31, P = 0.029] but not to fellow team faces [r(50) = −0.07, P = 0.642]. Stronger ethnic identity predicted greater racial in-group bias in neural responses to opponent team faces. Separate analysis further showed that the association between ethnic identity scores and racial in-group bias in neural responses in the P2 time window was significant for G/G carriers [r (25) 
Discussion
The present study investigated whether and how OXTR interacts with intergroup relationships to modulate empathic brain activity by recording ERPs to painful and neutral expressions of same-race and other-race faces from G/G and A/A carriers of OXTR. The ERP results focused on the P2 amplitude because previous work has shown that the P2 amplitude was enhanced by painful vs neutral expressions and the enhancement of the P2 amplitude predicted subjective feelings of others' pain (Sheng and Han, 2012; Sheng et al., 2013 Sheng et al., , 2016 Li et al., 2015; Han et al., 2016) . Similar to the previous research (e.g. Sheng and Han, 2012) , we found a greater P2 amplitude to painful vs neutral expressions and this empathic neural response was stronger to same-race than other-race faces across the whole sample, providing further evidence for RIBE in early neural responses to others' pain. Source estimation suggested that the increased P2 responses to same-race than other-race pain might arise from the ACC and anterior insula that have been demonstrated to be involved in empathy for pain in previous fMRI studies (Singer et al., 2004; Jackson et al., 2005; Han et al., 2009; Fan et al., 2011; Lamm et al., 2011; Luo et al., 2015a) . Most importantly, as predicted, we found that empathic neural responses in the P2 time window showed different patterns of modulations by racial and mini group relationships in G/G and A/A carriers of OXTR. Our ERP results can be understood within a framework that assumes greater flexibility of empathy for pain in the context of in-group memberships in G/G (vs A/A) carriers of OXTR.
Specifically, using the minimal group manipulations (Van Bavel et al., 2008; Sheng and Han, 2012 ) that produced fellow and opponent teams consisting of both same-race and other-race faces, we found that G/G carriers of OXTR exhibited empathic neural responses in the P2 time window to same-race faces, regardless of whether these faces were from the fellow or opponent team. G/G carriers also showed significant empathic neural responses in the P2 time window to other-race faces from the fellow team. These individuals did not show empathic neural responses in the P2 time window only to other-race faces from the opponent team. These results indicate that, for G/G carriers, mini group memberships can override the interracial relationships that lead to decreased empathic neural responses to otherrace individuals as shown in previous research Avenanti et al., 2010; Mathur et al., 2010; Cheon et al., 2011; Sheng and Han, 2012; Azevedo et al., 2013; Contreras-Huerta et al., 2013; Sheng et al., 2013 Sheng et al., , 2016 Sessa et al., 2014; Li et al., 2015; Han et al., 2016 , Fourie et al., 2017 ; also see Han, 2015 Han, , 2018 . Consequently, the racial in-group bias in empathic neural responses in the P2 time window was reduced by in-group membership built through mini group manipulations. These results indicate that G/G carriers of OXTR showed empathic neural responses, as indexed by increased P2 amplitude to painful vs neutral expressions, to those whom were perceived as in-group members, as defined by either racial or mini group relationships.
A/A carriers of OXTR, however, showed different patterns of modulation of empathic neural responses in the P2 time window by interracial and mini group relationships. A/A carriers did not show empathic neural responses in the P2 time window to otherrace faces from either the fellow or the opponent team. Furthermore, A/A carriers even failed to show P2 empathic neural responses to same-race faces of the opponent team. It seemed that only one (racial or mini group) in-group membership was not enough to generate significant empathic responses to others' pain in A/A carriers. A/A carriers showed P2 empathic neural responses only to those with whom they shared both racial and mini group memberships (i.e. same-race faces from the fellow team). As a result, the P2 amplitude recorded from A/A carriers showed a racial in-group bias in responses to perceived pain of faces from the fellow but not opponent team. These patterns are obviously different from those observed in G/G carriers.
The results of P2 empathic neural responses support our hypothesis that G/G carriers of OXTR are sensitive to in-group memberships, as defined by either racial or mini group relationships, and thus they showed significant empathic neural responses to perceived pain of in-group members defined by either or both of the two in-group relationships (i.e. individuals of same-race or fellow team). By contrast, A/A carrier are less flexible to social relationships and they showed empathic neural responses only to those with whom they shared in-group membership based on both racial and mini group relationships. Multiple psychological processes might contribute to the distinct patterns of the interaction of racial and mini group memberships on the P2 amplitude to painful vs neutral expressions between G or A allele carriers of OXTR rs53576. For example, as oxytocin is implicated in the ability to recognize emotions (Domes et al., 2007; Di Simplicio et al., 2009; Rodrigues et al., 2009; Marsh et al., 2010) and G compared to A allele carriers of OXTR are more sensitive to others' emotional states (Bakermans-Kranenburg and van IJzendoorn, 2008) , the P2 results observed here might arise from the difference in emotion recognition between the two genetic types since painful expressions were used in our work. There are also findings suggesting associations between oxytocin and trust/motivation to engage socially (Kosfeld et al., 2005; Baumgartner et al., 2008) and G compared to A carriers showed higher trust behavior (Krueger et al., 2012) . Thus, the difference in social trust and motivation between G and A carriers of OXTR may also influence the degree to which group identity (e.g. in-group or out-group members) is constructed that further modulates the P2 responses to perceived pain in others. These analyses fit with a broader role of oxytocin in social cognition and behavior and can be tested in future work.
The results of our source estimation suggested that the racial in-group bias in empathic neural responses in the P2 time window might originate from the ACC for faces of the fellow team but from the left middle insula and inferior frontal cortex for faces of the opponent team. Although these results did not differ significantly between G/G and A/A carriers, our previous fMRI research found that empathic neural responses in G/G carriers of OXTR were characterized by a stronger racial in-group bias in ACC activity in response to perceived pain compared to that observed in A/A carriers (Luo et al., 2015a) . The ACC and insula are the core regions of the empathy network, and the ACC is recruited mainly in the cognitive component of empathy whereas the insula is activated in both cognitive-evaluative and affective-perceptual forms of empathy (Fan et al., 2011) . In line with these perspectives, one may speculate that the racial bias in empathy for the opponent team members' pain may occur in the affective domains whereas viewing painful expressions of otherrace individuals of the fellow team is mainly associated with strong cognitive conflict. However, how these distinct patterns of empathy modulations are associated with OXTR remains unclear and should clarified in future work.
The distinct patterns of P2 empathic neural responses observed in G/G and A/A carriers cannot be attributed to differences in age, empathy ability or attitude toward samerace/other-race faces because these were matched in the two genotype groups in our study. However, we found that RIBE indexed by the empathic neural responses in the P2 time window varied significantly across individuals' empathic concern and ethnic identity for G/G but not for A/A carriers. Specifically, G/G carriers who reported greater empathic concern showed less RIBE in the P2 response to fellow team faces. Moreover, G/G carriers with stronger ethnic identity showed larger RIBE in P2 response to opponent team faces. These results have two implications. First, RIBE is more sensitive to individuals' empathic traits and ethnic identity in G/G compared to A/A carriers of OXTR rs53576. This finding implicates that the modulation of empathic neural responses by racial relationships is not fully determined by an individual's genetic makeup. Individuals' empathy traits and self-recognized ethnic identity also influence RIBE, although these effects seem to be more salient in G/G carriers. Second, the correlation results of G/G carriers suggest that individuals' with higher empathy ability empathized with fellow team members' pain regardless of their ethnic identities and thus showed reduced RIBE. In addition, individual G/G carriers with greater ethnic identity may discriminate same-race and other-race individuals of the opponent team more strongly and thus empathized with same-race pain more strongly to produce RIBE. These results provide electrophysiological evidence for variations in RIBE along empathic traits and ethnic identity and raise an important question for future research, i.e. why do G/G but not A/A carriers show RIBE variations along empathic traits and ethnic identity?
The distinct patterns of empathic neural responses observed in G/G and A/A carriers were observed for the early P2 component but not for the following N2 component. The P3 amplitude in the current work failed to show a significant main effect of facial expression although only G/G carriers showed larger P3 amplitudes in response to same-race faces from the opponent team. Previous studies have shown that both the N2 and P3 amplitude were modulated by painful vs neutral expressions (also see Sheng and Han, 2012; Sheng et al., 2013; Sessa et al., 2013) , but these effects were more salient when participants focused their attention on emotional states of target faces compared to target faces' racial identity (Sheng and Han, 2012) . It has been suggested that the early neural responses to others' pain are involved in coding and sharing emotional states of others and underlay subjective feeling of both others' pain and self-unpleasantness whereas the late neural responses to others' pain reflect enhanced evaluation and appraisal process during empathy (Fan and Han, 2008) . Our ERP results implicate that interactions between OXTR and intergroup relationship may occur during early emotional encoding and sharing when perceiving others' suffering, although the results of the P3 amplitude also suggest that G/G carriers might engage slightly enhanced cognitive evaluation of painful same-race faces from the opponent team. Because the race judgment task emphasizes racial identity but not emotional states of each individual face (Sheng and Han, 2002) , our work allowed estimation of automatic empathic responses rather than top-down cognitive component of empathy and thus did not allow us to explore the entire temporal courses of the empathic neural responses in G/G and A/A carriers. Future research may test this using the pain judgment task (Sheng and Han, 2012) . Future research should also examine whether the modulation of neural responses in the P2 time window contributes to previous findings that GG carriers of OXTR rs53576 were more sensitive to other socio-emotional signals than A/A carriers (Lucht et al., 2009; Rodrigues et al., 2009; Smith et al., 2014) .
A recent ERP study found that male G/G relative to A/A carriers of OXTR rs53576 showed larger N1 amplitudes in response to images of both humans and objects and larger N2 amplitudes in response to images of humans but not objects (Choi et al., 2017) . These findings have been proposed to indicate that OXTR rs53576 may affect emotional processing of both social and nonsocial cues. The current work tested female G/G and A/A carriers of OXTR rs53576 and did not find genotype differences in N2 amplitudes in response to faces. It is thus likely that the influences of OXTR rs53576 on emotional processing may differ between males and females. Future research should further investigate whether similar patterns of interactions between OXTR and intergroup relationship on empathic neural responses can be observed in male participants given gender differences in brain activity in response to nasal administration of oxytocin (e.g. Ma et al., 2016) .
Finally, a previous fMRI study found greater activity in the amygdala, fusiform gyri, orbitofrontal cortex and dorsal striatum when participants viewed novel in-group faces than when they viewed novel out-group faces even though both the novel ingroup and the novel out-group consisted of half same-race and half other-race faces (Van Bavel et al., 2008) . These findings suggest that mini group identity can override racial identity in the modulation of brain activities related to perceptual and emotional processing of faces. Given our ERP findings of interactions between OXTR and intergroup relationship on empathic neural responses, future research should take participants' genetic makeup into consideration when examining the role of group identity in modulations of brain activity underlying social cognition and behavior.
In conclusion, while our previous studies discovered that both sociocultural experiences (Zuo and Han, 2013) and physical environments (Luo et al., 2018) can influence RIBE, the current work further revealed ERP evidence for interactions between OXTR and intergroup relationships on empathy for same-race and other-race individuals' pain. Our ERP results suggest that empathic neural responses are more sensitive to social relationships between observers and targets and to individuals' empathy trait and ethnic identity in G/G than A/A carriers of OXTR rs53576. Modulations of empathic neural responses to others' suffering and relevant pro-social behavior by both sociocultural experience and genetic makeup may help individuals adapt to social environments.
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